observed in both primary swine bone marrow and bufi coat cell cultures in most African swine fever virus (ASFV) isolates and is characterized by the formation of a ring of erythrocytes around an infected cell, followed by a cytopathic e f f e~t .~.~ Although the hemadsorption provides an effective method of diagnosing the disease caused by hemadsorbing strains, its possible biological implications are unknown. No description has hitherto been made of the in vivo hemadsorption reaction in either naturally-occumng or experimentally-induced African swine fever.
Ultrastructural analysis has revealed an association between hemadsorbing isolates of ASFV and erythrocytes. The virus associates both with circulating erythrocytes in vivo10J1J5. 16 and with erythrocytes attached to infected cells in vitr~.~.Il Virions attach to the surface ofthe cell membrane, or at greater depth in indentations or invaginations of the membrane, but do not penetrate the cytoplasm. The mechanism involved in the virus/erythrocyte association is unknown, though indentations resemble certain phagocytic phenomena.' Since it hinders phagocytosis by mononuclear phagocytic system cells, this attachment may facilitate the persistence of viruses in the blood.I6
For this study, 18 large, white Landrace cross male pigs were used, each with a live weight of approximately 20 kg at the beginning of the experiment. The pigs were free from parasitic and infectious disease. They were divided into two groups: group I was inoculated with strain E709 and group I1 was inoculated with strain E75.I' Each group consisted of nine animals. Group I and group I1 were divided into three lots, each consisting of three pigs; two pigs from each lot either the highly virulent E70 isolate or the attenuated E75 isolate (by serial passages in cell culture) of the ASFV (both supplied by the Instituto Nacional de Investigaciones Agrarias of Madrid), and the third pig was used as a control. Animals were scheduled for euthanasia at 3, 5, and 7 days after inoculation (group I) and at 9, I I , and 13 days after inoculation (group 11) by vascular perfusion following induction of deep anesthesia with azaperone and thi0penta1.I~ Organs were fixed by perfusion in 2.59/0 glutaraldehyde in 0.1 M phosphate buffer (pH 7.2);* samples of liver, spleen, and lymph nodes' parenchyma were embedded in paraffin or Araldite.
For the structural study, sections of various widths were taken, depending on the type of embedding. Staining techniques used were hematoxylin and eosin and toluidine blue.
For ultrastructure, 60-nm sections embedded in araldite were stained with uranyl acetate and lead citrate.
For scanning electron microscopy, glutaraldehyde fixed samples of the liver were processed routinely.
Samples of liver, lymph nodes, and spleen were taken from pigs slaughtered after the inoculation of strains E70 (highly virulent) and E75 (attenuated). Hepatic sinusoids, lymph sinuses, and red splenic pulp were examined. All samples were virtually free of erythrocytes. Staining with toluidine blue revealed intracytoplasmic in- clusions and marginal displacement of chromatin in Kupffer cells, hepatocytes, and monocytes in the liver and in reticular cells (fixed tissue histiocyte), macrophages, and monocytes in lymph nodes and spleen. These findings were recorded 3, 5, and 7 days after inoculation with isolate E70 (virulent) and 9 and 11 days after inoculation with isolate E75 (attenuated).
At 3 days after inoculation with E70 and 9 days after inoculation with E75, examination of hepatic sinusoids, lymph sinuses, and red splenic pulp revealed the presence of rings of erythrocytes surrounding cells containing intracytoplasmic inclusions and a marked cytopathic affect characterized by rounding-up of cells and clumping of chromatin (Fig. 1) . This phenomenon indicates the presence of a hemadsorption reaction. Erythrocytes in contact with cells tended to be pyriform in shape.
Cells showing this hemadsorption reaction were identified by means of transmission electron microscopy as Kupffer cells (Fig. 2) and monocytes ( Fig. 3) , containing viral replication sites and marginal displacement of chromatin (Fig. 2) . These hemadsorbing cells also contained mature viral particles adjacent to the plasmatic membrane.
Not all cells containing viral factories showed evidence of hemadsorption. In those where hemadsorption was evident, the plasma membrane was intact and the profile tended to be irregular. The membrane contained abundant coated pits (Fig. 2) and evaginations, which corresponded to indentations of the erythrocyte plasma membrane (Fig. 4) . The presence of virions into the evaginations of hemadsorbing cells are very frequent (Fig. 4) . Enveloped mature viral particles were found within indentations of the plasma membrane of some erythrocytes. These erythrocytes were attached to the hemadsorbing cells (Fig. 4) . Scanning electron microscopy confirmed the existence of hemadsorption (Fig. 5) . Evidence of hemadsorption in this experimental infection indicates that the phenomenon also occurs in vivo. The intensity of the reaction (the number of mononuclear phagocytic system cells affected as a proportion of those studied) varied between different samples taken from the same animal. Not all cells containing either virus replication sites or viral particles showed evidence of hemadsorption. Moreover, with both the virulent and the attenuated strains, reaction was observed in the first pigs to be euthanatized (3 days after inoculation with E70, but not 5 and 7 days after inoculation, and 9 days after inoculation with E75, but not 11). The greatest intensity was recorded in animals inoculated with the attenuated strain E75. This would suggest that hemadsorption occurs in the early stages of infection; the incubation periods of both experimental infection are different from each other;6 and there may be a link between the virulence of the strain and the duration and intensity of the reaction, in addition to the relationship already reported between viral concentration and duration of the reaction in in vitro studies8
Some authors maintain that the virus-erythrocyte association within indentations of the plasma membrane in ASFV is a result of the endocytosis of virions on the erythrocyte surface." Our results, however, show that this association arises as a result of the introduction of an evagination of the membrane of the infected cell containing a viral particle in an indentation of the erythrocyte cell membrane during the hemadsorption phenomenon.
The exact mechanism underlying hemadsorption and vi-rus-erythrocyte association is not known. It has been suggested that the antigen responsible for hemadsorption (hemadsorption protein) is formed within the infected cell and then accumulates on the cell membrane, forming junctions with the erythr~cyte.~." Antigen formation would be continuous, and linked to virus synthesis but not to the maturation of viral particles. Given this mechanism in cells affected by hemadsorption, budding viral particles would associate to the erythrocyte membrane through the hemadsorption protein, which they obtain with the final envelope conferred by the hemadsorbing cell. The cytolysis that follows hemadsorption, which has been observed in studies ofcell c~l t u r e s~.~.~ and in the present in vivo experiment, would release attached erythrocyte with associated virions into the bloodstream (first mechanism). The presence of the hemadsorption protein in the viral outermost envelope would allow the particle to attach to circulating erythrocytes during the viremic phase' (second mechanism). Thus, any of these two mechanisms involved in the virus-erythrocyte association, which is itself secondary to the hemadsorption reaction, would account for the presence of circulating erythrocytes with associated virions.".lh Nonetheless, our results do not allow us to rule out the possibility of non-specific attachments, as suggested by several authors.'' Virus-erythrocyte association has also been reported for other viruses,s.'2 and it has been suggested that this association may participate in the regulation of processes, such as the inability of the host to clear and neutralize the infecting agent .
